Luminous Compact Blue Galaxies (LCBGs) are an extreme star-bursting population of galaxies that were far more common at earlier epochs than today. Based on spectroscopic and photometric measurements of LCBGs in massive (M > 10 15 M ), intermediate redshift (0.5 < z < 0.9) galaxy clusters, we present their rest-frame properties including star-formation rate, dynamical mass, size, luminosity, and metallicity. The appearance of these small, compact galaxies in clusters at intermediate redshift helps explain the observed redshift evolution in the size-luminosity relationship among cluster galaxies. In addition, we find the rest-frame properties of LCBGs appearing in galaxy clusters are indistinguishable from field LCBGs at the same redshift. Up to 35% of the LCBGs show significant discrepancies between optical and infrared indicators of star formation, suggesting that star formation occurs in obscured regions. Nonetheless, the star formation for LCBGs shows a decrease toward the center of the galaxy clusters. Based on their position and velocity, we estimate that up to 10% of cluster LCBGs are likely to merge with another cluster galaxy. Finally, the observed properties and distributions of the LCBGs in these clusters lead us to conclude that we are witnessing the quenching of the progenitors of dwarf elliptical galaxies that dominate the number density of present-epoch galaxy clusters.
Introduction
Luminous Compact Blue Galaxies (LCBGs) are an extreme, star-bursting population of galaxies (Koo et al. 1994) found both within clusters of galaxies Crawford et al. 2006 ) and outside. The number density and star-formation rate of LCBGs have decreased over time in concert with the global star formation rate . However, beyond having high surface brightness and blue colors, field LCBGs are heterogeneous in their morphologies: some objects are extremely compact, some appear to be undergoing nuclear starbursts, and others display very irregular morphologies (Guzman et al. 1996; Phillips et al. 1997; Kobulnicky & Zaritsky 1999; Guzmán et al. 2003; Garland et al. 2004; Werk et al. 2004 ; Barton et al. 2006; Noeske et al. 2006; Rawat et al. 2007; Hoyos et al. 2007; Tollerud et al. 2010 ). This heterogenous nature has led researchers to propose a variety of evolutionary outcomes for LCBGs, including evolving into low-luminosity spheroidal systems (Koo et al. 1994; Guzman et al. 1996) and the bulges of spiral galaxies (Barton & van Zee 2001; Hammer et al. 2001 ).
The dramatic increase in the fraction of blue galaxies (Butcher & Oemler 1984) in clusters at high redshift tracks the increase in star-forming galaxies in the field (Ellis 1997) . Due to a variety of cluster processes (Boselli & Gavazzi 2006) , the blue galaxies in clusters are likely to have their star formation quenched, and if they are falling into the cluster for the first time, they will experience significant stripping of both their gas and stellar material. For this reason, star-forming galaxies in clusters have long been proposed as the possible progenitors of dwarf elliptical galaxies (Couch et al. 1994; Moore et al. 1998; Tran et al. 2005 ).
Other than very early work by Koo et al. (1997) confirming their presence in clusters, relatively few studies have targeted the cluster LCBG population; however, recent observations have indicated that the cluster environment is triggering the LCBG phase (Crawford et al. 2006 (Crawford et al. , 2011 . In fact, their kinematic and spatial distributions suggest that LCBGs represent galaxies experiencing initial infall into galaxy clusters (Crawford et al. 2014) .
In this work, we characterize the properties of LCBGs in galaxy clusters in order to assess how they might evolve over time. In §2, we briefly summarize the observational data underlying this work. A description of the different techniques used to derive the rest-frame properties of our sample follows in §3. We present various properties of LCBGs and compare them to other populations in §4. Finally, in §5, we present possible fates for LCBGs in galaxy clusters. Throughout this work, we adopt H 0 = 70 km s −1 Mpc −1 , Ω M = 0.3, and Ω Λ = 0.7.
Definition of Galaxy Classifications
Following Crawford et al. (2011 Crawford et al. ( , 2014 , we use the following definitions for our different samples discussed in this paper to divide the galaxy populations into three samples based on their color and compactness:
• Red Sequence (RS) are defined as objects redder than the dividing line between blue and red objects, which we define as U − B = −0.032 × (M B + 21.52) + 0.204 following Willmer et al. (2006) • Blue cloud (BC) galaxies are defined as objects bluer than the dividing line between blue and red objects, which we define as U − B = −0.032 × (M B + 21.52) + 0.204 following Willmer et al. (2006) • Luminous compact blue galaxies (LCBGs) are a subset of the BC class, defined as having B − V < 0.5, µ B < 21 mag arcsec −2 , and M B < −18.5 (Garland et al. 2004; Crawford et al. 2006) .
Throughout this work, we compare our results to the field sample produced by Guzmán et al. (1997) . Their definition of compact objects is in apparent properties, but once transformed into absolute space, it is very similar to the definition for LCBGs that we use here.
Observations
Full details of the observations are presented in our previous works (Crawford et al. 2006 (Crawford et al. , 2011 (Crawford et al. , 2014 , but here we present a brief description of our sample selection and observations. The set of galaxy clusters used in our work are summarized in Table 1 . We originally selected this set of clusters based on their extreme richness, their intermediate redshifts, and their large existing set of archive data. We identified LCBGs through their photometric properties from deep imaging on the WIYN telescope for spectroscopic follow-up with the Deep Imaging Multi-Object Spectrograph (DEIMOS) on the Keck Telescope. Based on their spectroscopic redshifts, LCBGs were identified as being either part of the cluster or in the field (Crawford et al. 2014 ). In total, we have 381 LCBGs with spectroscopic redshifts in our sample. Of those, 119 are cluster LCBGs and 262 are field LCBGs. Of the cluster (field) LCBGs, we have DEIMOS spectra for 53 (80) galaxies and all of those galaxies have [ Note. -(1) Cluster Field of the Observationts (2) and (3) celestial coordinates of the adopted cluster center defined by Brightest Cluster Galaxy; (4) measured cluster redshift; (5) measured cluster projected velocity dispersion (6) HST Proposal ID (7) HST Instrument (8) Typical Exposure Time (9) Filter (10) Mean Exposure Time (11) RMS Noise (12) Spitzer Enhanced Image Product ID
WIYN Imaging
Deep imaging data in UBRIz and two narrow bands were obtained with the Mini-Mosaic camera from the WIYN 3.5 m telescope for all five clusters between 1999 October and 2004 June. The Mini-Mosaic camera has a 9. 6 × 9. 6 FOV with 0. 14 px −1 plate scale. In the R band, the median value for the seeing was FWHM=0. 85. The narrow-band filters were specifically designed to detect [O II] λ3727 at the redshift of each cluster. Details of the data reduction and analysis appear in Crawford et al. (2009) .
Spectroscopic Observations
We obtained spectroscopic observations for a sample of cluster star-forming galaxies with the Deep Imaging Multi-Object Spectrograph (DEIMOS, Faber et al. 2003) on the Keck II Telescope during October 2005 and April 2007. Different instrument configurations were used in order to sample key diagnostic features at the redshift of each cluster. Full details of the observations and data reductions are given in Crawford et al. (2011) .
HST Imaging
All of the clusters have been the target of extensive observations with the Hubble Space Telescope (HST), primarily using either WFPC2 or the Adva nced Camera for Surveys (ACS). WFPC2 has a chevron-shaped field of view over 2. 5 × 2. 5 region with a pixel scale of 0. 1 px −1 (McMaster et al. 2008) . The ACS camera has a field of view of 3. 7×3. 7 with a pixel scale of 0. 05 px −1 (Ubeda et al. 2014) . For all measurements, we have attempted to select data taken in a filter closest to the rest-frame B band. We have employed ACS imaging data whenever possible and substituted WFPC2 images only when required. In Table 1 , we summarize all of the HST observations that are used in this work.
Spitzer Observations
For clusters observed in the far-infrared regime by the Spitzer Space Telescope, we extracted MIPS 24 µm flux densities, S 24 , from images obtained through the Enhanced Imaging Products 5 archive following the procedures outlined in Randriamampandry et al. (2015) . In Table 1 , we list the details of each of these observations.
Data Analysis
In this section, we describe the different methods we used to determine the properties of the galaxies, including measuring their photometry, size, rest-frame properties, and spectroscopic properties. In Table 3 , we report on the properties of these sources. 
Photometry
We measured aperture and total magnitudes for each source from the ground-based and HST imaging data following the procedure described in Crawford et al. (2009) . For the aperture photometry measurements using the ground-based data only, we convolved the ground-based images with a 2-D Gaussian function to match the seeing of the worst band for that cluster so that the apertures would be sampling the same light profiles in the different bands. To define aperture magnitudes, we set the photometric aperture to a diameter of 7.5 kpc at the redshift of the cluster, the size corresponding to the average disk scale length of an L * galaxy.
For the total magnitudes, we use the same methodology as in our previous work (Crawford et al. 2006 (Crawford et al. , 2009 . We measured the total magnitude within an aperture that would enclose 99% of the light based on the profile shape of the source. The profile shape of the source is determined by measuring the concentration index, C 2080 . Following Kent (1984) and Bershady et al. (2000) , we define C 2080 as
where r n is the radius that encloses n% of the light.
Size
We derived the half-light radius (r 50 ) for each source from the curve of growth we constructed in measuring the total magnitudes. We measured the radius in both the groundbased and HST images.
Although the HST images offer superior spatial resolution, they do not cover a wide projected area and hence miss many objects in our survey. In contrast, the lower-resolution WIYN images permit us to measure sizes for more objects. We used the sizes measured independently from WIYN and HST to establish the accuracy of the sizes derived from the ground-based images. A simple quadrature subtraction of the seeing value as measured from stellar objects in the WIYN frames returns a reasonable measurement of the size, as depicted in Figure 1 . The median difference between the WIYN measurements and the HST measurements is 0. 065, although significant scatter exists at values less than 0. 3.
Whenever possible, we used the half-light radius as measured in the HST data. We have not rejected any objects based on the source of their size measurements. The provenance of the size measurement is indicated in the table. 07. This is consistent with a proportional offset of 20% and a rms scatter of 25% within the critical half-light size range of 0.3 to 3 arcsec. Solid lines approximate this offset and scatter. The precision and accuracy is more than adequate for our characterization of LCBG size and surface-brightness.
Rest-Frame Properties
For each of our sources, we determined the absolute B-band magnitude, the rest-frame colors of the sources, and the size. To determine the rest-frame magnitude and colors, we fit the spectral energy distribution (SED) of each galaxy to a range of artificial templates generated from galev (Bruzual & Charlot 2003) and empirical galaxy templates. To calculate M B , we derive the K-correction for that model between the rest-frame B band and the passband closest to the redshift B band. For example, for a galaxy at z = 0.54, the rest-frame B band is closest to the observed R band, and so the K-correction is calculated and applied to the apparent total R-band magnitude. A similar process is used for the rest-frame colors, but we use the aperture magnitudes instead of the total magnitudes. We applied the appropriate cosmological corrections in converting angular measures of size to absolute radii.
Velocity Width
The superb wavelength resolution (10 km s −1 ) of the Keck DEIMOS spectra permit us to measure the velocity widths of even the narrowest of the galaxies in our sample based on their emission lines, greatly enhancing the utility of our study For each spectroscopic source, we fit either single or double Gaussian functions to the emission lines associated with [O II] λ3727, Hβ, and [O III] λ5007. We performed the fit after after subtracting off a low-order polynomial fit to the continuum of the spectrum near the feature of interest. The DEIMOS spectra resolved the [O II] λ3727 doublet into two components, allowing us to fit a double Gaussian with the line separation fixed in the rest frame but the remaining parameters allowed to vary. We visually inspected all fits to confirm quality.
To correct for instrumental effects, we follow the procedure from Guzmán et al. (1997) and subtract, in quadrature, the instrumental dispersion from the measured value to recover the intrinsic velocity dispersion of the galaxy. For most sources, we estimated the instrumental dispersion based on measurements of nearby sky lines. For one mask (w05.m2), the seeing during the observations was exceptional and compact sources did not fill the slit uniformly. For compact targets on this mask, the velocity dispersion for all lines was well below the value measured for the sky lines in the spectra. For these sources, we estimated their image size based on their spatial extent in the slit and corrected the dispersion of the sky lines assuming the effective slit size was equivalent to the full-width half maximum of the image size. Similar undersampling problems could affect additional masks in our survey, so for our most compact sources we may be underestimating the velocity dispersion. In addition, we did not correct the fits for absorption or for any observed rotation or irregularities in the line profiles. In the worst case, this would introduce an uncertainty of approximately a factor of ∼ 2. Out of all our spectroscopic sources, only ∼ 25% showed visual evidence of rotation.
After correcting for the instrumental effects, we determined the final velocity width of each source by calculating the weighted average of the measurements for the three lines. The weights are based on the inverse variance for each of the lines. The average velocity dispersion from all of the lines is reported in Table 3 . Errors for each source were based on combining errors from each line in quadrature. We estimate that the smallest velocity dispersion that we can safely recover is 10 km s −1 based on the instrumental velocity dispersion. Any value below this is reported as an upper limit.
Galaxy Mass
Using the average velocity width and best size measurement, we calculated the dynamical mass of each system following Phillips et al. (1997) as:
where we take c2, a geometric factor, to be 1.6. This equation is based on an assumption of a virialized system, but, to within a factor of 1.4, it should give a similar result as for a rotational supported system (Phillips et al. 1997 ) .
In addition, we correct the velocity dispersion for a factor of 1.3 following Guzmán et al. (2003) to correct for the difference between measuring emission lines instead of stellar absorption lines. When our data lack sufficient resolution to determine the velocity width and size of certain sources, we report only upper limits on dynamical mass in Table 3 .
Equivalent Width
We followed two methods to measure the equivalent width (EW). The first method calculates the continuum level within two regions lying outside of the line of interest, and then computes the sum over a region that includes the line of interest to estimate the line flux. The summed region was designed to include all of the line flux while avoiding any of the line flux in the continuum measurements. The second method is based on integrating the Gaussian function fit to all of our emission lines while measuring the velocity width (see the previous sections for details of the velocity width measurement). The lines that we measured include [O II] λ3727, Hβ, and [O III] λ5007. Both techniques yield comparable results with a standard deviation of 15%. We adopt the first method for our EW values presented here.
Star-Formation Rate
For comparison with Guzmán et al. (1997) , we follow the process outlined in their appendix for converting [O II] λ3727 EW to star-formation rate (SFR). We apply the following formula to our data to estimate the SFR:
where M B is the absolute B-band magnitude and EW 3727 is the [O II] λ3727 EW. This equation also includes a factor for the average extinction in blue galaxies. The SFR is a factor of ∼ 3 lower compared to the Hα calibration from Kennicutt (1992) due to the more "top-heavy" IMF in Alonso-Herrero et al. (1996) with an upper mass limit of M < 125 M compared to M < 100 M in the previous work. Values for the SFR are listed in Table 3 .
In addition to the SFR calculated from [O II] λ3727, we also calculate the SFR FIR based on the flux from the Spitzer 24 µm flux. We follow the method outlined in Rieke et al. (2009) and as applied in Randriamampandry et al. (2015) for converting the 24 µm flux to SFR based on their Equation 14 and Table 1 .
Metallicity Measurements
We adopt the method of Kobulnicky & Kewley (2004) for measuring the metallicity of our objects. This variation on the R 23 method (Pagel et al. 1979 ) uses the ratio of equivalent widths as opposed to flux ratios. Similar to other works, we corrected our Hβ EW by adding a value of 2Å to it to account for stellar absorption and our total [O III] contribution was given by 1.3 × EW 5007 . From the values for R 23 and O 23 , we then used their Eq. 18 to calculate the 12 + log[O/H] metallicities for our galaxies. Unfortunately, degeneracies between the lines available for measuring the metallicity prevent us from distinguishing between the higher and lower metallicity tracks, but as in previous studies or star-forming sources (Kobulnicky & Kewley 2004) , we assume that LCBGs lie on the upper track with metallicities above 12 + log[O/H] = 8.4. Regardless, we make the same assumptions for cluster and field sources so that comparison between the two are consistent.
Properties of LCBGs

Magnitude-Size Relationship
In Figure 2 , we plot the relationship between magnitude and size for LCBGs and Blue Cloud (BC) galaxies. For comparison, we also plot the relationships found by Bamford et al. (2007) for low-redshift disk galaxies (dashed grey line) and intermediate redshift disk galaxies (solid grey line) in clusters. The first and most noticeable feature in the plot is that the LCBG galaxies exhibit smaller sizes at a given luminosity than normal disk galaxies both in the field and in clusters as expected from the definition of LCBGs.
The relationship fit to the low-redshift cluster sample by Bamford et al. (2007) was log 10 (r 50 ) = −0.184 × M B − 3.081. Likewise, we fit this same relationship to our data and, as they did, we fixed the slope of the relationship at a value of −0.184. We find that fitting a line of this slope to all cluster galaxies in our sample yields a best-fit intercept of 3.18 ± 0.03, which agrees (within the uncertainty) with what Bamford et al. found (3.20 ± 0.02) when they fit a similar line to their sample of intermediate-redshift cluster galaxies.
We note that if we exclude the LCBGs from our sample and re-fit the line, the derived intercept for the remaining Blue Cloud galaxies in our moderate-redshift cluster sample is comparable to the low-redshift field galaxy magnitude-size relationship from Bamford et al. (2007) with an intercept value of 3.11±0.02. The shift to smaller sizes and more concentrated star formation found by Bamford et al. (2007) in intermediate clusters is possibly due not to changes in the star formation in individual disk galaxies, but rather to the increased presence of LCBGs in clusters (Crawford et al. 2011 ) that mimics the corresponding increase in number seen in the field .
The good agreement between the luminosity-size relationship for cluster and field LCBGs indicates the similarity in these two types of galaxies. As selected, LCBGs typically have smaller sizes at a given absolute magnitude than non-LCBG populations. Although there is a correlation between the size and luminosity, there is a considerable range in luminosity at any given size. Due to the extraordinary star formation occurring in some of the galaxies, some of those small-sized galaxies have magnitudes lying well above the relationship, thus producing asymmetric scatter about the line.
Comparison of Field and Cluster LCBGs
In Figure 3 , we compare the size, absolute magnitude, mass, star-formation rates, and metallicity for cluster and field LCBGs. For the field sample, we used both the field sample -Magnitude-size relationship for cluster emission-line galaxies in our sample. Cluster LCBGs are represented as filled turquoise circles and cluster BC galaxies as filled blue squares. In addition, we plot the relationship for disk galaxies found by Bamford et al. (2007) in the low-redshift field (dashed, grey line) and in intermediate clusters (solid, grey line). Solid lines also represent the best-fit values for all of our sources (black line), LCBGs (turquoise line), and non-LCBG galaxies (blue line).
from our own observations and the sample from Guzmán et al. (1997) , which has been selected in an identical manner as our cluster sample. We performed a Komolgorov-Smirnov test comparing the field and cluster samples; in all cases, the null hypothesis that the distributions were drawn from the same sample could not be rejected. We conclude that no difference between the key properties of LCBGs in our field and cluster samples is apparent.
Obscured Star formation in LCBGs
To explore the fraction of LCBGs with obscured star formation, we examined the SFR in our LCBGs from our sample with measured 24 µm fluxes in Figure 4 . For the comparison, we have corrected our optical star-formation rate by a factor of 3 to account for differences in the assumptions about the IMF (see §3.7) . Although a number of sources exhibit equivalent SFR between the two methodologies, an equal number of sources show much higher star formation based on the FIR indicator. We attribute this discrepancy to the presence of obscuring dust in some LCBGs that preferentially absorbs optical radiation and causes the estimated SFR from optical and IR measurements to differ. We define "obscured" starforming galaxies as those having SFR FIR > 2 × SFR 3727 . Of the cluster sources measured, 44% show evidence for obscured star formation.
Applying an individual extinction correction to the [O II] λ3727-measured SFR may produce a stronger correlation between the two star-formation metrics. For example, Domínguez Sánchez et al. (2012) found good agreement between Hα SFR and SFR FIR in galaxies with detections in both passbands only after correcting for the extinction at Hα in individual galaxies. Unfortunately, we lack the wavelength coverage or data quality to measure individual extinctions in each of our galaxies. However, we can make some statistical estimates.The galaxies with the bluest (U − B) o rest-frame colors, strongest Hβ equivalent widths, and strongest [O III] λ5006 equivalent widths show no evidence of obscured star formation, whereas galaxies with weaker measurements show a range in the ratio of SFR FIR to SFR 3727 .
We detect no significant difference in the fraction of galaxies exhibiting obscured star formation with ∼ 48% of galaxies in both cluster and field environments showing obscured star formation. In addition, we measure no tendency for obscured star formation to be more or less common in objects at greater projected distances from the cluster center,, although the Spitzer images do not cover the full spatial extent of our clusters. Cluster (filled-teal circles) and field sources (empty-grey circles) are presented. Approximately 48% of both populations show evidence for obscured star formation. As indicated by the shaded region at top left, we define objects as showing evidence for obscured star formation if their 24 micron-derived SFR exceeds their optically-measured SFR by more than a factor of 2.
Trends with Cluster Radius
As we have previously shown (Crawford et al. 2006 (Crawford et al. , 2014 , LCBGs preferentially avoid the central regions of clusters. As can be seen in Figure 5 , strongly-star-forming LCBGs seem to be largely absent within the cores of the clusters. The decrease in star-forming galaxies at small radii appears to begin around 0.5 R 200 , and within 0.2 R 200 there seems to be a complete lack of strong star-forming LCBGs. The distribution of SFR in our sample of intermediate-redshift LCBGs mimics the distribution seen for low-redshift star bursting galaxies by Mahajan et al. (2012) with a rise in star formation at larger radii followed by a decrease towards the cluster center.
Although the SFR as a function of radius for all types of galaxies shows a strong decrease towards the center of the cluster (Gómez et al. 2003) , the SFR for galaxies that show evidence of star formation shows no trend with radius (Biviano et al. 1997; Finn et al. 2005; Bretherton et al. 2010 ). However, the overall SFR in cluster galaxies does tend to be less than that in the field at the same redshift (Balogh et al. 2002; Finn et al. 2005) . For LCBGs, we see no difference in SFR between cluster and field for the population as a whole, but we do observe a steep decline with cluster radius. A similar trend is observed with the SF R IR data as well but the limited field of view of the IR data makes it difficult to confirm the trend. If these sources are recent arrivals to the cluster, the star formation in the galaxies is being quickly quenched as they fall into the cluster. Similar behavior has been observed for low-redshift star forming galaxies (Mahajan et al. 2012 ).
Other than properties associated with star formation, no other property showed any strong indication of trends with radius.
The Fate of LCBGs in Clusters
In Crawford et al. (2014) , we argued that cluster LCBGs are galaxies likely falling into the cluster for the first time based on their observed spatial and velocity distributions. In this work, we have shown that cluster LCBGs as a class are indistinguishable from field LCBGs in terms of dynamical mass, size, luminosity, metallicity, and star-formation rate. When combined with their relative absence from the cluster core, this further supports the idea that these galaxies are recent arrivals in the cluster environment.
Although some LCBGs may plausibly masquerade as low-surface-brightness disks with centrally-concentrated star formation (Barton & van Zee 2001) , deep imaging of LCBGs has revealed that fewer than 10% of field sources exhibit any extended disk-like structure (Noeske et al. 2006; Barton et al. 2006) . Regardless, any extended or low-surface-brightness structure For comparison, we plot the average star formation rate for field LCBGs from our sample at z = 0.7 (black, dashed line) . The LCBGs show evidence for a rapid increase in star formation followed by a decline towards the cluster center.
will most likely be stripped away due to various cluster processes (Boselli & Gavazzi 2006) . As such, the stars and gas that originally resided within LCBGs are likely to have either: 1) merged into other cluster galaxies, 2) dispersed to become part of the intracluster light (ICL), and/or 3) faded to become dwarf ellipticals. The following sections explore these three possible scenarios.
Merging of LCBGs
Based on our previous analysis of projected sky position and velocity relative to near neighbors, approximately 40% of LCBGs in clusters appear to be closely associated with another galaxy (Crawford et al. 2014 ). Previous observations of starburst galaxies in intermediateredshift clusters also indicate a high percentage of interacting or merging systems (Couch et al. 1994; Moss 2006; Jaffé et al. 2011) . Although the large velocity dispersion among cluster galaxies is expected to limit the number of mergers which can occur in the cluster core (Ghigna et al. 1998) , galaxies falling in as part of groups may undergo mergers on the outskirts of clusters (Mihos 2003 ).
An open question is what will happen to these close associations of galaxies. After one passage through the cluster core, even small groups are likely to be tidally disrupted (Gonzalez-Casado et al. 1994) . However, in their simulations Martel et al. (2012) find that most galaxies will end up merging with a larger galaxy over the lifetime of the cluster while many of the remaining galaxies will be tidally disrupted to become part of the ICL. By z ∼ 0.5, most of the tidally disrupted material ends up being accreted onto larger galaxies. Detailed modeling of interactions between galaxy pairs in clusters is required to determine the fraction of LCBGs that will ultimately merge into other cluster galaxies.
However, we can estimate the number of mergers that are likely to occur from the velocities and positions of our LCBGs. For each LCBG, we plot in Figure 6 the projected distance and radial velocity difference between each LCBG and its nearest spectroscopic neighbor. From the simulations of Lotz et al. (2011) of the merger timescale for field galaxies at different separations, we estimate that pairs of galaxies with separations under 40 kpc are likely to merge within 1 Gyr-the typical crossing time for these clusters. After 1 Gyr, the pair would be expected to be separated by the cluster tidal forces. This distance is set as the maximum separation for galaxies likely to merge. The other limitation we place on the galaxies is that they should be gravitationally bound. The sloping line in Figure 6 defines the upper-limit of the region in the plot where objects are likely to be gravitationally bound to their companion, based on their distance and velocity difference if we assume that the companion has a typical mass of M = 10 11 M . These two considerations allows us to define an area in Figure 6 within which objects are likely to be mergers. Pairs that are near this threshold may still undergo a merger or experience tidal disruption, depending on their exact position and motion. Out of our sample, we estimate that 10% of sources will undergo a merger. This number may also be underestimated due to our spectroscopic incompleteness, as most of the LCBGs in our sample do not have any spectroscopic confirmation of their nearest projected neighbor's redshift. If we include all LCBGs with a bright companion (R < 23) within 40 kpc, we find that the merger rate could be as high as 35%.
Disruption of the LCBG Phase
Several processes serve as potential disruptors of LCBGs in the cluster environment. First, ram pressure stripping (Gunn & Gott 1972 ) may remove gas from the galaxies. Second, the high star-formation rates in LCBGs (relative to their dynamical masses) can eject a large amount of gas and dust via winds from star formation and supernovae. Third, tidal forces from gravitational interactions with neighboring galaxies or the overall cluster potential can also remove gas and stellar material from the galaxy (Moore et al. 1999) .
The net result is that some combination of these three disruptive processes can potentially remove large fractions of the stars and gas from LCBGs. For example, simulations of just a "galaxy harassment" scenario by Moore et al. (1999) found that a typical highsurface-brightness galaxy 6 would lose 20% of its stellar mass over 5 Gyr in a cluster. For low surface-brightness galaxies, this percentage increases to 60%. The exact percentage of the stripping will depend on the orbital parameters, with closer approaches to the cluster center likely to result in greater mass loss ). Low-mass galaxies are likely to be completely disrupted by tidal shocks (Gnedin 2003) .
Furthermore, the high star-formation rate occurring in these systems is likely to further deplete their gas reservoirs. The timescale for gas depletion in local LCBGs was found to be on order of 100-200 Myr by Garland et al. (2005) . If intermediate-redshift LCBGs have similar gas reservoirs, they would quickly exhaust their supply of gas at their observed starformation rates without any need for stripping of the cold gas. Without the accretion of new gas, the transformation of LCBGs into dE galaxies could easily happen through the process of strangulation (Kawata & Mulchaey 2008) . In addition, the on-going star formation is likely to drive strong galactic winds that could potentially deplete as much gas as the ongoing star formation (Bradshaw et al. 2013) . If this gas is swept away by the ICM, it will further Objects within the pink shaded region are likely to form gravitationally-bound pairs that will merge. The right-hand limit to the plot is based on the typical timescale for mergers of field galaxies from Lotz et al. (2011) and the typical crossing time of the cluster, while the upper limit is based on the escape velocity from a M = 10 11 M companion. Based on confirmed pairs via spectroscopic , we estimate that 10% of LCBGs will undergo a merger with their companion.
hasten the quenching process. On the other hand, some of the material may remain in the LCBGs due to confinement from the hot intercluster medium (Murakami & Babul 1999) .
Due to the available gas, high star formation rates, and extreme cluster environments, LCBGs will likely be quenched on very short time scales. Once star formation ceases, the galaxy is likely to rapidly fade and redden to move out of the LCBG phase (Koo et al. 1995) .
LCBGs as Progenitors of Dwarf Ellipticals
Regardless of what happens to the stripped stars and gas, LCBGs have long been proposed as the progenitors of lower-mass galaxies once their current burst of star formation has faded (Guzman et al. 1996; Koo et al. 1997) . The local-group, dE galaxy NGC 205 is often cited as a possible descendant of LCBGs. NCG 205 has a velocity dispersion of 42 km s −1 , an effective radius of 2.5 kpc, and an absolute magnitude of M B = −15.0 (Geha et al. 2006) . In addition, the metallicity of NGC 205 as measured from planetary nebulae is 12 + log(O/H) = 8.6 (Richer & McCall 1995) . This is very comparable to our sample of cluster objects which have a median velocity dispersion of 56 km s −1 , a size of 1.8 kpc, and a 12 + log(O/H) = 8.6. The median absolute magnitude is M B = −19.9 for cluster LCBGs, which would represent fading of up to 4.9 mag. The ultimate luminosity of a post-starburst system will depend on any underlying stellar population, the strength of the current burst, and whether the galaxy is quenched. For a single stellar population, the expected fading is 5-7 mag after 5-9 Gyrs based on the models from Bruzual & Charlot (2003) . For comparison, a model with an exponential-declining star formation with e-folding time of 1 Gyr followed by a 100 Myr burst that occurs 5 Gyrs after the galaxy formed and is equal to 10% of the current stellar mass would be expected to fade between 2.5-3 mags over the same period of time. Depending on how extreme these starburst events are, it would be reasonable to assume that a typical LCBG could end up as perhaps a slightly smaller version of NGC 205 once star formation terminates.
One longstanding criticism of the hypothesis that LCBGs evolve into dE is that the gas phase metallicity of the LCBGs was too high for the average stellar populations found in NGC 205 (Kobulnicky & Zaritsky 1999) as measured by oxygen abundances in planetary nebulae. Yet, a range of values are found within the planetary nebulae in NGC 205 (Gonçalves et al. 2014) , and the more appropriate comparison would be with the most metal rich planetary nebula in a galaxy, which would reflect the gas phase metallicity of the last star formation event rather than the average over the history of star formation in the galaxy. Furthermore, typical dE galaxies in the Virgo cluster have α-element metallicities exhibiting a large scatter around solar (Michielsen et al. 2008) , which is close to what we measure for the intermediate-redshift LCBGs.
Furthermore, dE galaxies in low redshift clusters show a range of star-formation histories (Conselice et al. 2003; Michielsen et al. 2008; Koleva et al. 2009; Paudel et al. 2010 ) and accretion histories (Conselice et al. 2001; Smith et al. 2012) . Penny et al. (2014) find that dE in Perseus formed from disk galaxies stripped through harassment and Michielsen et al. (2008) find that star formation in the dE population in Virgo likely was truncated as the galaxies were accreted into the cluster over time. Lisker (2009) reports that present-epoch dE galaxies form a morphologically diverse group with ∼ 50% having a strong nucleus, 20% having a disk, and 10% having a blue core. Along with the different morphologies, the different types are shown to have a range of stellar ages and distributions within the clusters. A single evolutionary path is unlikely, but an important next step will be to look at the individual morphologies of LCBGs and to simulate how they will evolve in the cluster environment.
Even though LCBGs form a relatively homogeneous class in these distant clusters of galaxies, their differing infall trajectories will result in different processes affecting their subsequent evolution after entering the cluster. Not only will the cluster environment strip material from the LCBGs, it will also transform them. Aguerri & González-García (2009) show that fast tidal interactions are very efficient at stripping the outer parts of galaxies and that bright, late-type galaxies could easily be transformed into early-type dwarf galaxies by removing any outer halo or disk of the galaxies. As dense systems are likely to be least disrupted , LCBGs with concentrated star formation are the most likely to survive in the cluster environment. Hence, these initially similar galaxies may evolve into a diversity of morphological types today. Detailed modeling of each of these galaxies may help to connect them to their eventual dE counterparts.
Number density evolution of LCBGs
To calculate the number of descendants of LCBGs in present-day galaxy clusters, we make the following assumptions about how they will evolve and what their properties are:
• 10% of the LCBG sample will merge with other cluster galaxies as measured from our sample.
• The stellar-mass-to-dynamical-mass ratio for LCBGs is 0.4 as measured by Guzmán et al. (2003) .
• The star formation of an LCBG is quenched immediately upon entering the cluster.
• The amount of fading will be given by a Bruzual & Charlot (2003) model that had a star formation history characterized by declining star formation followed by a starburst equal to 10% of its stellar mass that occurs when the galaxy is accreted onto the cluster.
• 20 − 60% of the stellar mass will be stripped during each passage through the cluster.
• The accretion rate of LCBGs at a given redshift will be given by the cluster luminosity function at that redshift divided by the visibility period for LCBGs.
• The cluster luminosity function of LCBGs evolves linearly between those measured above between z=0.5-0.9 to z=0, where it is assumed to have a value of zero.
• The LCBG phase is visible for between 200-600 Myrs.
The final item is based on the expected lifetime for LCBGs. If their star formation were immediately quenched, LCBGs would redden over time so that the typical LCBGs in our sample would no longer meet the established color criterion within 400 Myr. At these redshifts and cluster masses, the SFR peaks at a radius of 1 Mpc from the cluster core and almost no star formation is seen within 0.25 Mpc of the cluster core. A typical object within the cluster would take 600 Myr to cross this distance. Accordingly, we take this as the upper limit for the visibility time for an LCBG. For a lower limit, we use the estimate of 200 Myr from Garland et al. (2005) based on the amount of time it would take for the LCBGs to exhaust their gas reservoir.
Based on our sample, we can calculate the evolution in the cluster luminosity function. Figure 7 compares the 0.7 < z < 0.9 and z = 0.55 luminosity functions of cluster LCBGs. The luminosity functions were calculated by summing over all LCBGs in the cluster within R 200 and correcting for spectroscopic incompleteness in the same manner as in Crawford et al. (2011) . The luminosity function for each cluster was then normalized by the volume of the cluster as estimated from the R 200 values given in Table 1 of Crawford et al. (2014) . Finally, we averaged the luminosity functions into the two redshift bins. For reference, the average volume of our z=0.55 (z=0.83) redshift clusters is 74 M pc 3 (16 M pc 3 ). The values for the observed luminosity functions are given in Table 3 . For both luminosity functions, we have fit Schechter functions with a fixed slope of α = 1.1 . At z = 0.55, the luminosity function has a value of M B = −21.30 and φ * = 0.217 galaxies/Mpc 3 ; at z = 0.83, M B = −21.97 and φ * = 0.92 galaxies/Mpc 3 . As can be seen, the number density and luminosity of LCBGs rapidly evolve between z = 0.83 and z = 0.55, an effect reported previously (Phillips et al. 1997; Crawford et al. 2011) .
Using the observed evolution in the LCBG luminosity function, we simulate a cluster accreting LCBGs between z = 1.0 and z = 0.0. Once an LCBG is accreted, it evolves based on the assumptions outlined above. The resulting luminosity functions for these sources are presented as the red region in Figure 8 . Overall, the accretion of LCBGs into galaxy clusters would result between 600-1800 objects with M B < −10 being added to the cluster. These numbers are similar to the number of dE found in low-redshift clusters (Ferguson & Sandage 1988; Secker et al. 1997 ). For comparison, we plot the luminosity function for dEs in the Fornax Cluster from Ferguson & Sandage (1988) and Coma Cluster from Thompson & Gregory (1993) . We have normalized both luminosity functions to the expected z = 0 mass (4.9 × 10 15 M ) of our intermediate-redshift cluster based on the predictions from Wechsler et al. (2002) and corrected the area of the original surveys to a value of R 200 .
For the assumptions outlined above, we estimate that LCBGs accreted between z=1.0 and 0 account for 38% of dE galaxies brighter than M B < −14.5. Changes to the assumptions about the stripping in galaxies will result in a maximum change of 10% in the fraction of dE descendants. An increase (decrease) in the amount of fading by 1 mag will change the percentage of dEs to 23% (50%). Finally, the largest effect on the percentage of bright dEs is the visibility of the LCBG phase. For the shorter period of 200 Myr, LCBGs could account for up to 77% of dEs; for 600 Myrs, LCBGs would only account of 25% of dEs.
The fraction of dE galaxies in present-day clusters which were once LCBGs remains uncertain. The simple assumptions made about their evolution do not match in detail the shape of the observed low redshift luminosity functions of dwarf ellipticals as can be seen in Figure 8 . However, even at the lowest estimates, a significant fraction of dEs in local clusters would have gone through an LCBG phase at intermediate redshifts. Better limits on how these galaxies have evolved require more detailed investigation of the evolution of individual galaxies, taking a holistic look at the properties of local dE galaxies, and improving measurements of their luminosity functions. The width of the curve represents two assumptions about the amount of time the LCBG phase is visible, with the upper limit representing a visibility window of 200 Myr and the lower limit corresponding to 600 Myr. The teal curve represents the number of LCBGs remaining after 10% of LCBGs merge with other galaxies. The purple curve represents the distribution of LCBGs after their star formation is quenched and they begin to fade. The descendants of LCBGs -after accounting for mergers, fading, and stripping from the cluster environment -lie within the red region. For comparison, the luminosity function for dwarf elliptical galaxies in Fornax from Ferguson & Sandage (1988) and Coma from Thompson & Gregory (1993) normalized to the mass and area of our clusters at z = 0 is plotted as black squares and triangles, respectively. It is likely that approximately 50 ± 20% of dE galaxies seen in present day clusters underwent an LCBG phase since z = 1.
Conclusion
In this work, we have reported on the rest-frame properties of LCBGs, an extreme star-bursting population seen at intermediate redshifts. Based on ground-and space-based imaging and spectroscopy, we have measured the size, luminosity, star-formation rate, metallicity, and dynamical mass of the LCBGs. Based on these measurements, we have observed:
1. Much of the evolution in the size-luminosity relationship for blue cluster galaxies appears to be driven by the inclusion of LCBGs at intermediate redshift. No evolution is observed in this relationship if LCBGs are excluded from the fit.
2. We detect no significant differences in the size, mass, luminosity, star formation rate or metallicity of field and cluster LCBGs. To the degree we can discern, all of the key characteristics appear similar between the two populations.
3. 35% of cluster LCBGs show evidence for obscured star formation with no strong trends found with either LCBG properties or cluster position.
4. The star-formation rate of cluster LCBGs decreases towards the core of the cluster. Almost no LCBGs are observed in the core of these clusters and the star formation appears to peak beyond 0.5R 200 .
5. Of the LCBGs currently falling into the cluster, 10% are likely to merge with a nearby neighbor as they pass through the cluster.
6. The size, mass, and metallicity of LCBGs at intermediate redshift are very similar to the properties of present-day dwarf elliptical galaxies. Galaxy evolution models predict that if their star formation were quenched, the LCBG population would evolve in magnitude and color so as to produce galaxies that closely resemble today's dwarf elliptical population.
7. Based on assumptions about their evolution and accretion rate, LCBGs seen at intermediate redshifts (z < 1) could account for 30-75% of all dwarf ellipticals seen in clusters today.
An important next step will be to trace the evolution of these sources through realistic simulations of the cluster environment accounting for the physics of both the stellar and gas components of these galaxies. As the distribution and properties of the LCBG population matches the population of dwarf elliptical galaxies in clusters, it will be important to determine which physical interactions with the cluster environment are the predominant mechanisms in transforming LCBGs into dwarf elliptical galaxies. Exploring how the LCBG population fits into the evolution of other cluster populations and how the overall cluster population changes with time will be critical to understanding the transformation of galaxies in clusters.
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